Participants in the Age-Related Eye Disease Study were randomly assigned to receive daily antioxidants (vitamin C, 500 mg; vitamin E, 400 IU; beta carotene, 15 mg), zinc and copper (zinc, 80 mg; cupric oxide, 2 mg), antioxidants plus zinc and copper, or placebo. A cognitive battery was administered to 2,166 elderly persons after a median of 6.9 years of treatment. Treatment groups did not differ on any of the six cognitive tests (p Ͼ 0.05 for all). These results do not support a beneficial or harmful effect of antioxidants or zinc and copper on cognition in older adults.
More than 33% of women and 20% of men aged Ͼ65 years are estimated to develop dementia, and many more may develop a milder form of cognitive impairment. Therefore, the development of preventive strategies to reduce or delay onset of cognitive impairment is critical.
Oxidative pathways are hypothesized to be involved in the etiology of Alzheimer disease (AD) and vascular dementia, the two most common forms of dementia. Several observational studies of nondemented older adults have suggested that high antioxidant dietary intake or the use of antioxidant supplements is associated with better cognitive performance. 1, 2 In addition to antioxidants, the impact of other nutrients, such as zinc and copper, on cognitive performance is unclear. The Age-Related Eye Disease Study (AREDS) provides an opportunity to assess cognitive performance in older adults randomly assigned to receive standardized doses of antioxidants, zinc and copper, antioxidants plus zinc and copper, or placebo for an average of nearly 7 years.
Methods. Study population. AREDS is a large, multicenter study designed to improve the understanding of the course and prognostic factors of age-related macular degeneration (AMD). A large randomized trial was also conducted as part of AREDS to determine the effect of antioxidants and zinc on the progression of AMD. Between 1992 and 1998, 11 clinical centers enrolled 3,640 participants who were categorized into AMD categories. In the trial, participants were randomly assigned to receive daily oral tablets containing 1) antioxidants (500 mg vitamin C, 400 IU vitamin E, and 15 mg beta carotene); 2) 80 mg zinc as zinc oxide and 2 mg copper as cupric oxide; 3) antioxidants plus zinc and copper; or 4) placebo. The main results of the AMD trial have been published and suggest a benefit of antioxidants and zinc in reducing progression of AMD for those at risk. 3 Cognitive function. Of the 3,640 AMD trial participants, 2,166 (60%) completed the AREDS cognitive battery near the end of the trial. Of the 1,474 participants without cognitive testing, 330 died before the implementation of the cognitive study, and 1,144 refused or were otherwise unable to participate. Participants without cognitive testing were more likely to be older, have more ocular abnormalities, and be less educated compared with those participating in the ancillary study (p Ͻ 0.01).
The AREDS cognitive function battery included six validated cognitive tests with eight components: 1) The Modified Mini-Mental State Examination (3MS); 2) Animal Category; 3) Letter Fluency; 4) Logical Memory Part I and 5) Logical Memory Part II, Wechsler Memory Scale Revised; 6) Immediate Recall and 7) Word List Mean; Buschke Selective Reminding Test; and 8) Digits Backwards.
Other measurements. At the beginning of the trial, we obtained demographic information and conducted a general physical examination, including standardized measurement of height, weight, and blood pressure. We assessed dietary intake during the year before randomization using a modified Block Food Frequency Questionnaire. At the time of administration of the cognitive function battery, depressive symptoms were assessed using the Center for Epidemiologic Studies Depression Scale (CES-D).
Statistical analysis. Baseline characteristics of the participants receiving cognitive testing were compared across treatment groups using analysis of variance for continuous variables and 2 for dichotomous variables. Bivariate associations of the cognitive scores were assessed using generalized linear models. Logistic regression Additional material related to this article can be found on the Neurology Web site. Go to www.neurology.org and scroll down the Table of Contents for the November 9 issue to find the title link for this article. Results. The 2,166 participants included in this study had a mean age of 75 Ϯ 5 years (range, 61 to 87 years) at the time of the AREDS cognitive battery administration. There were no significant differences by treatment group among baseline characteristics (including age, sex, race, education, AMD category, smoking, hypertension, body mass index, history of diabetes or coronary disease, CES-D score, use of antihypertensive medications, and use of aspirin).
Mean cognitive scores on all eight parts of the six tests were not statistically different across the four treatment groups (table) . The results were similar after covariate adjustment. Similarly, there were no significant differences on cognitive scores comparing participants who were randomly assigned to receive zinc (and copper) with those not assigned to zinc, or on cognitive scores comparing participants randomly assigned to receive antioxidants with those not assigned to antioxidants. Covariate adjustment did not change the results.
Ninety-seven (4.5%) of the participants met criteria for cognitive impairment (3MS score, Ͻ80). There was no significant effect of treatment group on likelihood of having cognitive impairment ( figure) . A trend toward slight benefit of zinc was found to be not significant. These results were similar after covariate adjustment.
Discussion. This large, randomized controlled trial examined the effect of treatment with antioxidants or zinc and copper on cognitive function in nondemented elderly adults. Compared with placebo treatment, antioxidants with or without zinc and copper did not have a significant effect on cognitive performance at the end of the trial. There also were no significant differences in the likelihood of having cognitive impairment, as assessed by the 3MS, across all treatment groups. Our results stand in contrast to those from several observational studies that have reported a beneficial effect of either antioxidant supplements or dietary intake on cognitive function or risk of dementia in the elderly population. 1, 4, 5 However, other observational studies have not observed a protective effect of antioxidant supplement use and cognitive outcomes in elderly persons. 6, 7 A randomized controlled trial of vitamin E for the management of AD demonstrated a reduced risk of dementia severity, death, or being placed in a nursing home in the group assigned to 2,000 IU of vitamin E daily. However, there was no improvement on cognitive test scores in the treated group. 8 Our results are consistent with that trial in that we also did not find a benefit of antioxidants on cognitive scores. However, we did not find any association with antioxidant treatment and likelihood of having cognitive impairment. This may be because of differences in antioxidant doses (e.g., 400 IU of vitamin E compared with 2,000 IU) or because of our patient population being nondemented and having more intact cognitive abilities.
Other studies have reported that high levels of zinc 9 induce ␤-amyloid to form clumps resembling the amyloid plaques seen in AD and that patients with AD have higher serum levels of copper compared with control subjects. 10 Our finding of no harmful effect on cognitive function of high-dose zinc supplementation along with 2 mg of copper in the AREDS population is reassuring, especially because many patients with AMD are now treated with this combination.
Cognitive function was not the primary outcome of our study, and this has led to a number of study limitations. The cognitive testing occurred at the end of the trial; therefore, we can only assess the crosssectional comparison of treatment groups, and thus we cannot determine whether antioxidant or copper and zinc treatment influences the rate of cognitive decline. Randomization to the various treatment groups, which resulted in equivalence of the treatment groups in a large number of baseline characteristics, is likely, but not definitely, to lead to equal variation of cognitive function in each treatment group. Another limitation is that not all participants in the trial had cognitive testing, although participation in the cognitive ancillary study did not differ by treatment group and so probably does not interfere with our assessment of treatment effects. We also cannot be certain that our results pertain to older adults without eye disease, although there is no biologic explanation why these groups would respond differently to treatment.
